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[57) ABSTRACT

Flue gases from a high-pressure blast furnace are led
from above into a vertical duct terminating in a tubu-
lar nozzle with a downwardly converging section and
an adjoining cylindrical (or prismatic) section respec-
tively coacting with a tapering portion and a cylindri-
cal (or prismatic) portion of an insert defining there-
with a pressure-regulating gap of adjustable width and
a substantially invariable throttling passage. A spray
head in the duct above the insert irrigates the gases
descending through the nozzle into a separating com-
partment in which they undergo a sharp change of di-
rection whereby they are freed from accompanying
solids wetted by the spray. The stem of the insert, ris-
ing within that separating compartment, carries an ap-
ertured barrier spaced from the nozzle outlet with a
clearance whose width varies inversely with that of the
pressure-regulating gap.
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APPARATUS FOR DISCHARGING FLUE GASES
FROM BLAST FURNACES AND THE LIKE

CROSS-REFERENCE TO RELATED APPLICATION

This application a continuation-in-part of our co-
pending application Ser. No. 235,208 filed March 15,
1972,

FIELD OF THE INVENTION

Our present invention relates to an apparatus for the
removal of high-pressure waste gases from blast fur-
naces or the like preparatorily to utilizing them at re-
duced pressure in, say, a heat exchanger or a burner.

BACKGROUND OF THE INVENTION

Flue gases from modern blast furnaces may exit at a
pressure of about 3.5 atmospheres (absolute), so that
a substantial pressure reduction is necessary to bring
them down to atmospheric level.

In view of the high temperatires involved, conven-
tional throttle valves are not suitable for this purpose.
In our prior U.S. Pat. No. 3,726,065 we have disclosed
a system for scrubbing such waste gases in a wash tower
equipped with pressure sensors upstream and down-
stream of an adjustable accelerator gap formed within
the tower by a nozzle with tapering insert of the general
type described in U.S. Pat. Nos. 3,140,163 and
3,199,267, the gases passing through this gap being
wetted by one or more spray heads overlying the noz-
zle. The sensors control the gap width so as to maintain
a substantial output pressure in the face of a varying
input pressure. :

The apparatus described in our copending applica-
tion Ser. No. 235,208 is designed to provide an im-

proved nozzle construction for the purpose set forth

which positively maintains a substantially invariable
minimal flow resistance so as to throttle the gas flow
even under conditions of abnormally low input pres-
sure (e.g. upon start-up of the plant); this despenses
with the need for a special control circuit of the type
disclosed in our prior patent which in the presence of
such low pressure switches to an alternate mode of op-
eration designed to maintain a constant pressure differ-
ential across the gap.

For that purpose, the tapering insert in the apparatus
of our copending application is provided within the tu-
bular nozzle body with a downstream extension of a
substantially constant cross-section, i.e., of cylindrical
or prismatic shape, coacting with a geometrically simi-
lar section of the nozzle body to define therewith a re-
stricted annular passage whose axial length preferably
equals or exceeds that of the annular gap. Thus, a rela-
tive axial shifting of the insert and the surrounding noz-
zle body widens or narrows the adjustable gap around
the tapering portion but has only a negligible effect on
the flow resistance of the restricted passage defined by
the extension of the insert.

As further disclosed in our copending application,
several tapering insert portions of approximately the
same axial length may be cascaded in as many converg-
ing nozzle sections to multiply the regulating effect of
a single gap.
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2
OBJECTS OF THE INVENTION

An object of this invention is to provide improved
means in such an apparatus for facilitating the substan-
tially noiseless depressurization of the gas flow down to
very low pressure levels.

Another object is to increase the sensitivity of the
pressure-adjustment means in a system embodying this
type of apparatus.

SUMMARY OF THE INVENTION

According to a feature already disclosed in our co-
pending application Ser. No. 235,208, the restricted
passage following the variable gap or gaps is provided
with flow-retarding means in the form of discontinu-
ities, such as grids or perforated barrier disks transverse
to the flow path, designed to generate turbulence with
resulting additional energy loss according to the Carnot
principle. :

According to a more particular feature of our inven-
tion, such a grid, barrier disk or similar apertured flow
retarder may also be disposed within a downstream
compartment between the nozzle outlet and a point at
which the gas flow is sharply deflected in order to be
separated from substantially all accompanying solid
particles wetted by droplets of water from one or more
spray heads upstream of the nozzle. Thus, the flow re-
tarder may be disposed below the substantially horizon-
tal axis of a lateral exit port of this compartment, pref-
erably at an adjustable distance from the nozzle outlet
for final adjustment of the pressure in the compart-
ment. In fact, pursuant to still another feature of our
invention, this flow retarder may be carried on a stem
of the nozzle so as to be raised or lowered together with
the latter, its spacing from the nozzle outlet then vary-
ing inversely with the width of the pressure-regulating
gap whereby the effect of the changing gap width upon
the flow velocity is partly offset by the opposite change
in the width of the clearance separating the nozzle from
the apertured barrier.

We have found that, throughout the range of adjust-
ment, the velocity of the exiting waste gases can be held
in this way to less than the speed of sound so that the
noise level is surprisingly low.

BRIEF DESCRIPTION OF THE DRAWING

The above and other features of our invention will be
described in detail hereinafter with reference to the ac-
companying drawing in which: .

FIG. 1 is a somewhat diagrammatic elevational view
of a plant including a blast furnace equipped with a sys-
tem for the depressurization of its flue gases in accor-
dance with our invention;

FIG. 2 is an axial sectional view, drawn to a larger
scale, of a flow-regulating nozzle forming part of the
system of FIG. 1,

FIG. 3 is a cross-sectional view taken on the line 11
— Il of FIG. 2; and

FIG. 4 is a view similar to FIG. 2, showing a modifica-
tion.

SPECIFIC DESCRIPTION
The plant shown in FIG. 1 comprises a blast furnace

' 3 with a flue 2 from which a duct 1 carries high-

pressure waste gases to a depressurizing apparatus em-
bodying our invention. The apparatus includes a nozzle
body §, formed integral with the lower end of duct 1,
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“surrounding an insert 4 with all-around clearance. As
best seen in FIG. 2, the upper part 4a of this insert has
a wider upstream end and a narrower downstream end
so as to have downwardly tapering configuration geo-
metrically similar to that of the surrounding nozzle sec-
tion with which it defines a gap 6 of variable width. A
cylindrical part 7, forming a downward extension of ta-
pering insert portion 4a whose width equals that of the
downstream end of that portion, defines with a sur-
rounding portion of the nozzle body an annular passage
8 of constant width and of a length L substantially
equaling that of gap 6. Insert 4 is integral with a stem
18 which rises from the base of a separating compart-
ment 13 and can be raised or lowered, as indicated by
an arrow 9, with the aid of actuating means in the form
of a solenoid 19 within compartment 13. A pressure
sensor 20 detects the outlet pressure of the gases issu-
ing from the nozzle and energizes the solenoid in a
sense tending to keep that outlet pressure substantially
constant.

A spray head 12, overhanging the insert 4 within the
duct 1, irrigates the descending gas stream and cools it;
the resulting steam moves with the gas through the gap
6 and the passage 8, expanding at the nozzle outlet and
precipitating onto the entrained solids. Compartment
13 has an exit port 21 above the level of that outlet S0
that the gas must abruptly change direction in order to
escape, thereby shedding the wetted particles which
are collected on the bottom of compartment 13 in a
trough not shown.

In accordance with our present invention, a flow re-
tarder 14 in the form of a perforated barrier is inserted
in the annular passage 8 for the purpose of creating tur-
bulence and lowering the gas pressure downstream of
nozzle 5. This flow retarder consists of several verti-
cally spaced annular disks with relatively offset aper-
tures, as disclosed in our copending application Ser.
No. 235,208; in the specific embodiment illustrated,
these apertures are arcuate slots as best seen in FIG. 3.
The retarder could also be designed as a stack of grids,
or as several mutually offset sets of baffles at different
levels.

Barrier 14 may be carried either on the inner wall of
nozzle 5 or on the cylindrical part 7 of insert 4. A simi-
lar barrier 15, mounted on the stem 18 of that insert,
defines a variable clearance 17 with a skirt 16 forming
the outlet of nozzle 5. This clearance 17 increases upon
a lowering of insert 4, i.e., simultaneously with a nar-
rowing of gap 6, and vice versa. Thus, the raising of in-
sert 4 exerts a throttling effect upon the intensified flow
traversing the enlarged gap 6 whereby the overall
change in pressure differential is reduced.

A small fraction of the gas impinging on the upper
surface of barrier 15 is deflected directly into the later-
ally extending exit port 21 whose horizontal axis A co-
incides with the bottom plane of the nozzle, lying thus
well above the underside of barrier 15. Most of the gas
makes its way through that barrier and then changes
direction to reach the exit port 21 as indicated by the
arrows in FIG. 1. In each instance there occurs the
aforedescribed sharp change in the flow direction with
resulting separation of entrained water particles.

As illustrated in FIG. 4, an insert 4’ may be provided
with several tapering portions 4a. 4b alternating with
cylindrical (or prismatic) portions 7a, 7b. This subdi-
vides the adjustable gap into two zones 6a, 6b whose
width, owing to the identical vertex angle of the tapers,
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varies identically upon axial motion of the insert. Unaf-
fected by this motion are annular passages 8a, 8b of
substantially constant cross-section surrounding the cy-
lindrical portions 7a, 7b.

The apparatus of FIG. 4 comprises two perforated
barriers 14a and 14b in passages 8a and 8b, respec-
tively, which may again be fixed to the nozzle wall or
mounted on the insert 4'. In this case, too, a separate
barrier 15 on stem 18’ extends with variable spacing
below the nozzle outlet to counteract the velocity-
changing effect of any modification of the width of gaps
6a and 6b. .

The described arrangement enables a finer adjust-
ment of the pressure differential inasmuch as a rela-
tively slight vertical shift of the insert 4 or 4’ substan-
tially changes the width of gap 6 (or 6a, 6b); such a
shift, however, has only a negligible effect upon the
length and therefore the flow resistance of passage 8
(or 8a, 8b). In view of the limited displaceability of the
insert, its straight part 7 (or 7a, 7b) as well as the sur-
rounding nozzle portion could also be slightly conical
or pyramidal (rather than exactly cylindrical or pris-
matic) without materially altering the described mode
of operation.

We claim:

L. An apparatus for depressurizing high-pressure
waste gases, comprising:

a separating compartment provided with an exit port;

a duct having an inlet connected to a source of waste
gases to be depressurized, said duct terminating in
a nozzle with a first section converging toward an
outlet which opens into said compartment and an
elongated second section of substantially constant
cross-section between said first section and said
outlet;
an insert extending coaxially with all-around clear-
ance into said nozzle from said compartment, said
insert having a tapering portion with a wider up-
stream end and a narrower downstream end defin-
ing with said first section a regulating gap of a
width depending upon the relative axial position of
said insert and said nozzle, said insert further hav-
ing a substantially straight part axially adjoining
said narrower downstream end of said tapering
portion and defining with said second section a re.
stricted passage of substantially constant width ex-
erting upon said gases a throttling effect substan-
tially independent of said axial position;

turbulence-generating means surrounding said insert
straight section downstream of said gap; and

control means for varying said relative axial position,
said turbulence-generating means comprising a
perforated barrier with several levels of relatively
offset perforations in said passage.

2. An apparatus as defined in claim 1 wherein said
control means comprises pressure-sensing means at
said outlet and actuating means for said nozzle respon-
sive to an output of said pressure-sensing means for dis-
placing said insert in a sense tending to maintain a sub-
stantially constant gas pressure in said outlet.

3. An apparatus as defined in claim 1 wherein said
passage has a minimum axial length substantially equal-
ing that of said gap.

4. An apparatus as defined in claim 1 wherein said
turbulence-generating means includes an apertured
barrier with several levels of refatively offset apertures
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on an extension of said insert downstream of said noz-
zle.

5. An apparatus as defined in claim 4 wherein said
barrier is spaced from said outlet by a narrow clearance
varying in width inversely with said gap upon operation
of said control means.

6. An apparatus as defined in claim 3 wherein said
nozzle enters said compartment from above and is cen-
tered on a generally vertical axis, said outlet being lo-
cated below said passage, said exit port extending later-
ally from said compartment with a substantially hori-
zontal axia above the level of the underside of said bar-
rier.

7. An apparatus as defined in claim 6, further com-
prising spray means in said duct above said nozzle for
wetting said gases to facilitate the shedding of mois-
ture-laden solids therefrom in said compartment.
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8. An apparatus as defined in claim 1 wherein said
nozzle is provided with a third section ahead of said
first section, converging toward said outlet at substan-
tially the same angle as said first section, and a fourth
section of substantially constant cross-section between
said first and third sections; said insert having another
tapering portion, defining with said third section an-
other regulating gap of a width substantially equaling
that of the first-mentioned gap, and another substan-
tially cylindrical part defining with said fourth section
another restricted passage of substantially invariable
throttling effect.

9. An apparatus as defined in claim 8 wherein said
flow-retarding means comprises a perforated barrier in

each of said passages.
* * * * *



